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INTRODUCTION 
We often recognize major brands just by hearing the familiar background music of an advert. 
When a few bars of Etta James’s “I just want to make love to you” comes blasting out of the 
television, most viewers do not even need to glance at the screen to know that a glistening can 
of Diet-Coke® is about to be cracked open and poured from a height down the throat of a 
handsome male labourer titillating the overlooking female office workers with his rippling 
torso. Why do we recognize this advert so quickly? Since 1996 radio and television adverts for 
Diet-Coke® have been consistent and strategic in their use of background music. As a direct 
consequence, the associations between this particular music track and this particular sugar-free 
soft drink brand has become emblazoned on the very fabric of the consumer brain. Music has 
become an integral part of the marketing (Treasure, 2011). Yet music is often used 
inconsistently, changing from campaign to campaign or even taken off completely, seemingly 
at the whim of some influential decision maker’s hunch (Saner, 2016). This study was designed 
to establish, empirically, the impact of approach to music selection on advertising engagement, 
as measured by both subjective (i.e. behavioural ratings) and objective (i.e. brain response) 
means. 
Music can induce powerful emotions, communicate complex meaning and influence 
the commercial success of a product (Graakjær & Jantzen, 2009). Several studies have 
investigated the role of music in advertising and its impact on consumption behaviours 
(Kellaris, Cox, & Cox, 1993; Knight & Chapman, 2004; Lewis, Fretwell, & Ryan, 2011; North 
& Hargreaves, 2008; Robinson, Chen, & Killen, 1998). For example, Kellaris et al. (1993) 
found that recall and recognition of adverts are improved by the presence of music that can 
capture the attention only if it is congruent with the message of the advert. Lewis et al. (2011) 
showed that interesting sounds induce emotional responses which can be used to drive 
consumers’ purchasing behaviour towards specific choices. However, it is not yet known 
whether adverts that consistently use the same musical backing track over several consecutive 
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campaigns result in more or less positive engagement than those that use a variety of different 
tracks.  
 Neurophysiological studies have explored the neural responses to a variety of 
advertising materials (e.g., Bolls, Lang, & Potter, 2001; Borghini, Astolfi, Vecchiato, Mattia, 
& Babiloni, 2014; Dmochowski, Sajda, Dias, & Parra, 2012; Khushaba et al., 2013; Kong et 
al., 2012; Kong, Zhao, Hu, Vecchiato, & Babiloni, 2013; Rothschild, Hyun, Reeves, Thorson, 
& Goldstein, 1988; Vecchiato et al., 2014, 2010; Wang, Chang, & Chuang, 2016; Yang et al., 
2015). It has been observed that consumers can change their preferences towards specific 
products in response to changes to adverts that are not always consciously perceived (Ohme, 
Reykowska, Wiener, & Choromanska, 2009). Because participants are unable to report 
information of which they have no conscious awareness, employing non-invasive brain 
imaging techniques may reveal information beyond the traditional marketing methods relying 
on recall tests, self-report measures (Ariely & Berns, 2010), and when combined with 
behavioural responses, neurophysiological measures can provide novel understanding into 
consumer behaviour and commercial success (e.g., Boksem & Smidts, 2015; Boksem, 2015; 
Bolls et al., 2001).  
Previous neurophysiological research has revealed several candidate signal features in 
electroencephalogram (EEG) data that can be evaluated to gain an objective understanding of 
how human brain responses to adverts may vary depending on memory, preference and arousal 
(e.g., Bolls et al., 2001; Khushaba et al., 2013; Kong et al., 2013, 2012; Rothschild et al., 1988; 
Vecchiato et al., 2014, 2011, 2010; Yang et al., 2015). For example, increased beta oscillations 
have been associated with preference for specific movie trailers (Boksem & Smidts, 2015; 
Dmochowski et al., 2012; Boksem, 2015). Further, gamma oscillations have been shown to 
predict population-wide consumer choices, even though the stated preferences did not 
(Boksem, 2015). These findings suggest that large scale neuronal oscillations, especially at the 
higher frequency bands, provide unique and valuable information about individual as well as 
population-wide consumer preferences. 
Although music is an important element in radio, television and cinema advertising, no 
study has yet examined the neural underpinnings of music use in advertising and its effect on 
behaviour. The present study addressed this problem by recording participants’ EEG and 
behavioural responses to the presentation of a selection of radio and TV adverts. In order to 
explore the impact of music use in advertising, we used adverts that made ‘strategic’ use of 
music (the same piece of music consistently used as a backing track across consecutive advert 
campaigns), ‘tactical’ use of music (the product/brand has been accompanied by different 
pieces of background music in consecutive campaigns), or no use of music. Further, in order 
to investigate potential effects of the musical genre, we used existing adverts with classical, 
modern and retro musical tracks. Participants were asked to rate their liking of and familiarity 
with the advert, their liking of the music, as well as their assessment of how well the 
background music fit with that advertised brand. Notably, we kept the ecological validity of 
the stimuli intact by using already existing adverts, without manipulating the background music 
or the video.  
In summary, the primary aim of the present study was to investigate the impact of music 
use (strategic or tactical) or its absence in advertisements on both behavioural responses and 
large scale brain responses, and compare them between two types of media, TV and radio. A 
tertiary aim of our study was to investigate the potential impact of musical genre (classical, 
modern, or retro music) on engagement with radio and TV advertisements. Our first prediction 
was that adverts using music strategically would be perceived as more familiar and would thus 
be liked more than adverts that used music tactically or not at all. Our second prediction was 
that effective use of music in adverts would result in increased beta and gamma oscillations in 
frontal areas of the brain, which is indicative of increased preference and positive engagement.  
 
METHODS 
The experiment used a 2x3 within-subjects design with two factors: media (two levels: TV, 
and radio), music (three levels: strategic music, tactical music, and no music). 
 Participants   
Sixteen (8 female) neurologically healthy human adult volunteers aged between 18 to 53 years 
old (M = 35.94, SD = 11.90 years) were recruited for this experiment. All participants were 
native English speakers, had self-reported normal hearing, normal or corrected-to-normal 
vision, and received a fixed cash incentive for their participation. They provided written 
informed consent before the experiment began and were appropriately debriefed at the end. 
The experimental protocol was approved by the Local Ethics Committee at Goldsmiths.   
 
Stimuli 
A variety of existing radio and television adverts were selected for this study. For adverts 
belonging to each media (radio or television), there were three categories: (i) adverts with 
strategic music (same piece of music was paired with the advert across consecutive 
campaigns), (ii) adverts with tactical music (different pieces of music were paired with the 
advert across consecutive campaigns), and (iii) adverts with no background music. Therefore, 
it seems likely that participants would have been exposed to adverts with strategic music at 
some point in the past. Note that the use of music here is strategic (or tactical) from the 
perspective of the brand owners, indicating an awareness of the benefits from being consistent 
in the pairing of music and brand attributes rather than changing tactics (i.e. musical pairing) 
with every new campaign.  We attempted to match the adverts, in terms of advertised product, 
between radio and TV adverts.  Further, for adverts with strategic or tactical music, we ensured 
three genres of music were equally well represented: classical, modern and retro. There were 
three adverts for each musical genre for each media and approach to musical pairing, plus nine 
adverts for each media without any music. So altogether we presented 27 radio adverts (9 with 
strategic music, 9 with tactical music, and 9 without any music) and 27 TV adverts (same music 
use combinations as radio adverts). Table 1 includes the list of adverts presented in our study. 
All adverts were presented only once to limit the total duration of the experiment and so that 
participants could concentrate fully throughout.   
 
Procedure 
On arrival at the lab, participants were provided detailed written and verbal instructions about 
the experimental procedure. Subsequently, the EEG cap and electrodes were placed; 
participants sat in a quiet, dimly lit and electrically-shielded room. Adverts were presented on 
a computer monitor and two external speakers were used for the audio; the speaker volume was 
kept constant across participants and for the entire duration of the experiment. At the end of 
each advert, participants were instructed to rate the following: (i) their liking of the advert, (ii) 
their familiarity with the advert, (iii) their liking of the background music, and (iv) their 
assessment of how well the background music fit with the featured brand. The first response 
was made on a two-point scale (1: dislike, 2: like) and the latter three responses were made on 
a four-point scale (higher values suggesting more certain and stronger subjective response to 
given question). The third and fourth (music-related) responses were not required for the 
adverts without music. At the end of the whole experiment, participants were briefly 
interviewed in order to gain a more textured understanding of their engagement levels and 
attitudes towards the adverts. Presentation of adverts and behavioural ratings were recorded by 
custom made scripts using Cogent 2000 Toolbox (www.vislab.ucl.ac.uk/cogent.php) based on 
MATLAB ver. 7.12.0 (The MathWorks, Inc., Natick, MA, 2011).   
  
EEG Recording   
Thirty-two channel EEG signals were recorded by active scalp electrodes placed according to 
the extended 10-20 electrode placement system (Jasper, 1958) and amplified by a BioSemi 
ActiveTwo® amplifier (www.biosemi.com). The vertical and horizontal EOGs were recorded 
in a bipolar fashion to monitor eye-blinks and horizontal eye-movements, respectively. The 
EEG recording used a sampling frequency of 512 Hz and the signals were band-pass filtered 
between 0.16 and 100 Hz.  
 
EEG Preprocessing   
EEG signals were algebraically re-referenced to the average of the right and left earlobe 
electrodes (Essl & Rappelsberger, 1998). A high-pass filter at 0.5 Hz was applied to remove 
slow baseline drifts and a notch filter at 50 Hz with a 2-Hz bandwidth was applied to remove 
line noise. Independent component analysis (ICA) using the MATLAB based EEGLAB 
Toolbox (Delorme & Makeig, 2004) was applied to the EEG data to remove large blink-related 
artifacts. Then, the ICA-cleaned EEG data was visually inspected for identification and 
subsequent removal of any remaining artifacts.   
 
EEG Processing   
EEG signals were analyzed in terms of the constituent oscillatory components,   which 
essentially involves splitting up the signal from each electrode into different frequency bands. 
We computed the periodogram by the Welch method (Welch, 1967), by using a two-second 
long Hanning window with a 1 s overlap. The periodogram was estimated for each scalp 
electrode and condition for each participant. Spectral power was subsequently averaged in each 
of the classical EEG frequency bands: delta (< 4 Hz), theta (4-8 Hz), alpha (8-13 Hz), beta (13-
30 Hz) and gamma (30-48 Hz). The EEG spectral power obtained this way provides an overall 
representation of neuronal oscillations for the entire duration of each advert, i.e. it does not 
contain any temporal information.  
In order to capture the temporal dynamics of neuronal oscillations, we applied amplitude 
envelope analysis (Bhattacharya & Petsche, 2001). Briefly, an EEG signal, {x(t)}, was first 
band-pass filtered in a chosen frequency band to produce {xf(t)}. Next we formed the analytic 
signal, 𝑥𝑎𝑛(𝑡) = 𝑥𝑓(𝑡) + 𝑗𝑥𝐻𝑇(𝑡) = 𝑥𝑓(𝑡) + 𝑗
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instantaneous amplitude or envelope and (t) is the instantaneous phase of the band-pass 
filtered signal. The time profile of E(t) provides the time varying nature of the strength of the 
chosen neuronal oscillations (Cohen, 1995).   
Our final EEG measure of frontal asymmetry was based on Davidson’s influential 
approach/withdrawal motivational model of emotion (Davidson, 2004): left frontal activity 
indicates a tendency to approach or engage with a stimulus, whereas right frontal activity 
indicates a tendency to withdraw or disengage from a stimulus. As frontal asymmetry is mostly 
reflected by the alpha band oscillations (Smith et al., 2017), we calculated the frontal 
asymmetry index based on alpha band power over frontal electrodes. The (log transformed) 
alpha power over left frontal electrode regions (Fp1, AF3, F7, F3, FC1, FC5) was subtracted 
from the alpha power over right frontal electrode regions (Fp2, AF4, F8, F4, FC2, FC6).  The 
strength of alpha oscillations as measured on the scalp is inversely correlated to the cortical 
excitations, therefore positive frontal asymmetry index suggests more left frontal activations.  
  
Statistical Analysis 
Mean ratings for advert preference and familiarity, music preference, and fitness of background 
music to the advertised brand were calculated for radio and TV adverts for each participant. 
For the first two ratings, a 2x3 within-subjects factorial analysis of variance (ANOVA) with 
factors media (two levels: radio and TV) and music (three levels: strategic music, tactical music 
and no music) was performed. For the last two ratings, a 2x2 within-subjects ANOVA with 
factors media (two levels: radio and TV) and music (two levels: strategic music and tactical 
music) was carried out. Further analysis to investigate the effect of musical genre used a 2x3 
within-subjects factorial ANOVA with factors music (strategic and tactical) and genre 
(classical, modern and retro) on all four ratings. 
As our EEG predictions were made for the beta and gamma oscillations, we first performed 
statistical comparison for the beta and gamma frequency bands separately at global level, i.e. 
spectral power averaged over the 32 electrodes. Global spectral power was log transformed to 
reduce the variance before the analysis by within-subjects factorial ANOVA as earlier and by 
suitable post hoc contrasts.   Subsequently, we investigated the distribution of spectral power 
over the scalp in order to identify the electrode regions showing the maximum effect size.   
Statistical analysis was performed by IBM SPSS® Software Package Ver 23. All p values were 
reported after applying Greenhouse-Geisser correction.   
 
RESULTS 
Behavioural Findings 
Advert preference   
First, we analysed the subjective responses to the preference or liking rating on the adverts 
(Fig. 1a). We performed a within-subjects 2x3 factorial ANOVA with two factors, media (radio 
and TV) and music (strategic, tactic and no music). There was a main effect of music (F(2,30) 
= 5.08, p = .013, partial eta squared 2 = .25). Post-hoc contrasts revealed that both musical 
adverts, strategic and tactical, were liked more than the adverts without music (strategic vs no 
music: F(1,15) = 7.35, p = .016; tactical vs no music: F(1,15) = 8.89, p = .009) but there was 
no difference between preference ratings between strategic and tactical adverts  (F(1,15) = .33, 
p > .5, n.s.). The main effect of media was not significant (F(1,15) = 1.57, p = .23). The 
interaction between media and music was not significant (F(2,30) = 1.34, p = .28, n.s.).   
 
<< Insert Figure 1 here >> 
 
Advert familiarity   
Next, we analysed the responses to the familiarity rating of the adverts and Fig. 1b shows the 
average responses across conditions. A 2x3 within-subjects ANOVA revealed a marginal 
interaction between media and music (F(2, 30) = 2.87, p = .08,  2 = .16), and post hoc contrast 
revealed a trend towards a larger difference between adverts with strategic music and adverts 
with no music for TV adverts as compared to radio adverts (F(1,15) = 2.17, p = .05). Further, 
we observed a main effect of music (F(2,30) =  32.07, p < .001,   2 = .68).  Post-hoc contrasts 
revealed that adverts with strategic music were perceived as more familiar than adverts with 
tactical music (F(1, 15) = 33.64, p < .001) and adverts without music (F(1,15) = 42.37, p < 
.001), but no significant differences were observed between adverts with tactical music and 
adverts without music (F(1,15) = 2.7, p = .12). There was no significant main effect of media 
(F(1,15) = .83, p > .3, n.s.).  
 
Preference ratings for background music   
Mean preference ratings for the music across the four conditions is shown in Fig. 1c.  A within-
subjects 2x2 factorial ANOVA revealed a main effect of media (F(1,15) = 11.71, p = .004, 2 
= .44); music in the TV ads was liked more (M = 3.03) than music in the radio ads (M = 2.93). 
There was also a main effect of music (F(1,15) = 4.67, p = .047, 2 = .24);  strategic music was 
liked more (M = 3.04) than tactical music (M = 2.93). However, the interaction between media 
and music was not significant (F(1,15) = .05, p > .8, n.s.).  
 
Goodness of fit ratings for brand and music  
Fig. 1d shows the mean goodness-of-fit ratings of music to the advertised brands. A within-
subjects 2x2 ANOVA revealed a  significant main effect of media (F(1,15) = 7.42, p = .016, 
2  = .33); musical pieces for the TV adverts (M = 2.99) were rated as a better fit to the product 
brand than musical pieces for the radio adverts (M = 2.89). Further, there was also a main effect 
of music (F(1,15) = 6.44, p = .023, 2 = .30): as compared to tactically used music (M = 2.84), 
strategic music (M = 3.04) was rated significantly higher in terms of how well it fit the product 
brand. There was no significant interaction between media and music (F(1,15) = 0.58, p > .4, 
n.s.).     
 
EEG Findings 
 
High frequency correlates of processing adverts   
Mean spectral power at the global level (average power across all electrodes) for the beta (13-
30 Hz) and gamma (30-48 Hz) frequency band are shown in Fig. 2(a-d) and Fig. 2(e-h), 
respectively.   
<< Insert Figure 2 >> 
For the beta power, adverts with strategic music were associated with the highest average beta 
band power at the whole brain level; a one-way within-subjects ANOVA revealed a marginal 
effect (F(2,30) = 2.89, p = .08, 2 = .16).  Post hoc comparisons suggest a trend towards larger 
beta power for strategic adverts as compared to adverts with tactical music (F(1,15) = 3.84, p 
= .07) and without music (F(1,15) =  3.53, p = .08).  Larger beta band responses could be 
observed for strategic adverts over fronto-central and frontal electrode regions in both 
hemispheres. Repeating the similar analysis on the beta power at the global level for TV adverts 
(Fig. 2c, d), we did not find any statistically significant difference between the three types of 
adverts (F(2,30) = .70, p = .48, n.s.).   Pairwise contrasts revealed no difference between 
strategic adverts and tactical adverts (F(1,15) = .20, p = .66) and no music adverts (F(1,15) = 
.37, p = .55).    
   
Fig. 2e shows the mean gamma band power at the whole brain level for the three types of radio 
adverts. Like the beta band analysis, the gamma band power averaged over the whole brain 
was highest for the adverts with strategic music; a one-way ANOVA revealed a significant 
effect (F(2,30) = 3.66, p = .04, 2 = .20). Post hoc tests revealed that the adverts with strategic 
music was associated with higher gamma power at the whole brain level than both adverts with 
tactical music (F(2,30) = 4.62, p = .04) and no music (F(2,30) = 4.75, p = .046).  The scalp 
map of the adverts with strategic music (Fig. 2f) showed a robust fronto-temporal distribution 
with a slight dominance over the left frontal brain region. Repeating the similar analysis on the 
gamma power at the global level for TV adverts (Fig. 2f), we did not find any statistically 
significant difference between the three types of adverts (F(2,30) = .42, p = .66).  Therefore, 
the impact of background music was much larger for radio adverts compared to TV adverts, 
and it was the strategic usage of the music that made the difference.   
<< Insert Figure 3 >> 
 
Timing of musical impact on engagement   
In order to study how high frequency brain oscillations vary with the whole time course of the 
presented adverts, we estimated the time varying nature of the beta and gamma oscillations by 
applying amplitude envelope analysis (see Methods) over frontal electrodes bilaterally (AF3/4, 
F7/8, F3/4, FC1/2, FC5/6). Fig. 3 shows the temporal profile of beta-gamma power over frontal 
regions over the entire duration of adverts for both radio (upper panel) and TV (lower), 
respectively. On average, we observed a better separation in the dynamical profiles of high 
frequency oscillations between strategic and tactical music for radio adverts, and this separation 
was less conspicious for TV adverts. In order to statistically compare strategic vs tactical 
adverts separately for radio or TV, we first performed running two-tailed t-test and then 
considered a temporal window of 100 ms significant if majority of the time points within that 
specific window have met the statistical criterion (p < .05). This is in line with previous studies 
(Molholm et al., 2002; Shams et al., 2005) suggesting that this approach is a suitable alternative 
to Bonferroni procedure for multiple comparison which tends to increase the likelihood of Type 
II errors. After performing this test, we revealed several long epochs showing significant 
differences between strategic and tactical adverts only for radio. Interestingly, across both 
media, strategic adverts was associated with higher spectral power than tactical adverts almost 
immediately after the onset of adverts.  This altogether demonstrates the impact of strategic 
music was much more robust and temporally sustained for radio adverts than TV adverts.  
<< Insert Figure 4 >> 
 
Alpha band trend  
As found earlier, a clear impact of music usage at the whole brain level was found at the high 
frequency beta and gamma bands, and both frequency bands suggest a higher degree of cortical 
activity or excitation associated with strategic music adverts. If these higher neural activities 
are indeed robust, one should also expect to observe some trend in another frequency band. 
This was indeed confirmed by Fig. 4a showing the spectral power differences in the alpha band 
(8-12 Hz) between adverts with strategic music and adverts with tactical music. For radio 
adverts, we observed only a trend towards an increase of neuronal activities (i.e. lower alpha 
power) associated with the strategic music adverts, but this trend was not observed for TV 
adverts. This altogether confirms that the impact of strategic music could potentially be more 
important for the radio adverts.  Note that we did not observe any clear pattern of results in 
other lower frequency bands (theta and delta).  
 
Approach/avoidance metric   
Next we calculated the frontal alpha asymmetry (see Methods) and the results are shown in 
Fig. 4b for both radio (left panel) and TV (right panel) adverts. As the alpha power is inversely 
associated with cortical excitations, high values indicate that left frontal activations are greater 
than right frontal activations, which is usually associated with positive emotional responses. 
Conversely, low values would indicate greater right than left frontal activations, indicative of 
negative emotional responses. For radio adverts, we observed a systematic decrease in this 
cortical asymmetry index from strategic to tactical to adverts without any music. A paired 
sample t-test revealed a significant difference between strategic and tactical radio adverts in 
this regard (t(15) = 2.32, p = .035), but no difference for the same comparison for TV adverts 
(t(15) = -1.40, p = .18). This demonstrates a left frontal dominance for radio adverts with 
strategic music, thereby suggesting potentially positive emotional engagement with the radio 
adverts that employed music strategically.   
<< Insert Figure 5 >> 
 
Effect of musical genre   
Our final analysis was related to the secondary aim of exploring the potential impact of musical 
genre use in advertising. The mean ratings of the four behavioural responses for each of three 
musical genre are shown in Fig. 5a. A 2x3 within-subjects factorial ANOVA with factors music 
(strategic, tactical) and genre (classical, modern and retro) was performed separately on all 
four responses. The interaction between music and genre was significant (F(2,14) = 5.97, p = 
.013), but there was no main effect of genre (p = .43). For classical music in radio adverts, 
higher liking ratings of music were observed for strategic than tactical use (t(14) = 3.65, p = 
.002). Such effects were not observed for modern or retro genre (p > .4). For the liking ratings 
for radio adverts, there was a main effect of music as expected (F(1,15) =  5.99, p = .027). In 
summary, we observed a strong and consistent impact of classical genre when used 
strategically. Fig. 5b shows the gamma band power for the three musical genres included in 
our study. Confirming the behavioural findings, we observed a robust and significant (p < .01) 
increase of gamma power associated with classical music but only when used strategically, and 
furthermore this effect was more prominent for radio adverts. 
    
 
DISCUSSION  
 This study investigated the impact of music use on subjective ratings and brain 
oscillatory responses indicative of positive engagement during the processing of radio and TV 
adverts. The main objective of this study was to generate empirical evidence that might be 
helpful in guiding best practices regarding the use of music in advertising. Our findings suggest   
that particularly for audio only advertising such as in adverts typically encountered on the radio 
and in podcasts, strategic use of music (consistent use of the same distinctive piece of music 
across consecutive campaigns) enables ads to make a greater impact on consumers than when 
used tactically (changing music across campaigns). 
Our primary hypotheses regarding participants’ subjective behavioural responses were 
that advertising campaigns in which music was employed strategically would be deemed more 
familiar and better liked than ads employing music tactically and are supported by the results. 
Not only did strategic use of music lead to higher ratings for ad familiarity and liking, but it 
also led to higher ratings for how well the music was considered to “fit” the brands compared 
to tactical music use. These findings are in line with previous literature related to the association 
between exposure and preference (e.g., Kunst-Wilson & Zajonc, 1980; Monahan, Murphy & 
Zajonc, 2000; Murphy, Monahan & Zajonc, 1995; Szpunar, Schellenberg & Pliner, 2004; 
Zajonc, 1968). For example, Szpunar et al. (2004) found that after incidental listening of music, 
liking ratings were higher for music that was heard more often in the exposure phase. This 
increase in liking might happen even without conscious recognition of the stimulus (Zajonc, 
1980). Moreover, strategic use of music was specifically associated with a better fit to the 
advertised brands. Notably, previous empirical research has shown that when there is a good 
fit between music and advert a strong emotional response is evoked by the advertisement 
(Morris & Boone, 1998; Rossolatos, 2012).    
As predicted by our second hypothesis, the music usage was significantly associated 
with high frequency (beta and gamma) neural oscillations in frontal brain regions. Specifically, 
we found that adverts with strategic music were associated with the highest beta band power 
compared to adverts with tactical music, especially in fronto-central and frontal bilateral sites. 
In addition, strategic adverts showed a robust left fronto-temporal distribution in the gamma 
band. Similar left hemispheric dominance in the gamma band was earlier observed in 
participants watching adverts that were considered enjoyable (Vecchiato et al., 2010). Previous 
studies (Cohen, Elger, & Ranganath, 2007; HajiHosseini, Rodríguez-Fornells, & Marco-
Pallarés, 2012; Marco-Pallares et al., 2008) also suggest that beta-gamma oscillatory activity 
is an important neural signature of reward-related networks. Taken together, we propose that 
our findings of enhanced frontal high frequency oscillations reflect an enhanced engagement – 
as an outcome of the positive and rewarding evaluation process – during the processing of 
adverts in which music is used strategically.  Therefore, we argue that this effect might 
subsequently influence goal-directed behaviour, thereby potentially increasing the likelihood 
of advertisement effectiveness. Recent studies also suggest the role of frontal and temporal 
beta-gamma oscillations in enhanced auditory memory maintenance and decision-making 
(Leiberg, Lutzenberger, & Kaiser, 2006; Onton, Delorme, & Makeig, 2005). Further, a recent 
study by Boksem and Smidts (2015) has found that beta and gamma oscillations are positively 
correlated with adverts preference. We suggest that the strategic use of music, especially in 
radio adverts, leads to greater familiarity and engagement, which in turn causes them to be 
better liked and easier to retain in memory, thus making people more positively disposed 
towards the advertised brand or product. 
 Investigating the time course of the impact of music in adverts, we found interesting 
and robust differences in the high frequency (beta-gamma) power between the types of adverts. 
Specifically, the differences between strategic and tactical adverts were more robust and 
sustained for radio than TV. Presumably there is so much visual information to pay attention 
to in the TV adverts that the impact of music on engagement is somewhat diminished after its 
initial impact. In the absence of visual input this effect is sustained during exposure to radio 
adverts with strategic music adverts inducing a consistent improvement in engagement over 
tactical music ads throughout their duration. Interestingly, in the exit interviews at the end of 
our experiment, many participants claimed that they ‘instantly recognize’ the brand upon 
hearing the first few bars of the consistently used music alone. The rapid recognition of the 
brain induced by the music could be considered a crucial feature of an advert in the age of 
information overload. This was potentially reflected by the very early difference (within first 
2 sec from the onset of adverts) we observed, though over a narrow time window and more 
conspiciously for TV adverts, in the time profiles of strategic vs tactical adverts. This provides 
an important link between neural evidence and phenomenological experience.   
 We also observed that the alpha band power was lower (i.e. indicative of increased 
brain activity, see below) for radio adverts compared to TV adverts, and in adverts where music 
was used strategically. Alpha power computed at the scalp level is inversely correlated with 
cortical excitation (Klimesch, 2012; Palva & Palva, 2007; Sauseng, Klimesch, Gerloff, & 
Hummel, 2009). Although this increase of neuronal activities during the processing of strategic 
radio adverts was not statistically significant, this trend suggests towards a higher emotional 
engagement with the strategic radio adverts. Further analysis on frontal asymmetry revealed 
that left frontal asymmetry based on alpha band power was higher for radio adverts with 
strategic music, compared to TV adverts. The neural correlates of this frontal asymmetry 
activation have been previously associated with positive emotions in the left frontal brain sites 
and with negative emotions in the right frontal sites (Davidson, 2004; Ohme, Reykowska, 
Wiener, & Choromanska, 2009; Solnais, Andreu-Perez, Sánchez-Fernández, & Andréu-Abela, 
2013; Vecchiato et al., 2011, 2014). These findings demonstrate a greater left frontal 
dominance for radio adverts that use music strategically, thus suggesting a larger positive 
emotional engagement. 
 A secondary goal of our study was to investigate the potential impact of music genre 
(classical, modern and retro) on the processing of radio and TV adverts. Participants gave 
higher preference ratings for classical music when it was used strategically compared to 
tactically, in both types of media, whereas this effect was not observed for modern or retro 
music. This is in line with the reported wide preference for classical music over other more 
popular musical genres, such as jazz, rock and hip hop (Savage, 2006). The neural 
underpinnings of these stated preferences manifested as an increase in gamma power for 
classical music only when used strategically, an effect that was more prominent for radio 
adverts compared to TV adverts. 
 Let us offer a few practical remarks and limitations. First, all stimuli in our study were 
existing adverts for well-known products. We used a wide variety of recent and older 
campaigns. This has added to the study’s ecological validity, but it was not possible to match 
the strategic and tactical adverts in terms of the year when they were featured.  Therefore, any 
causal link between the use of consistent music and enhanced adverts’ familiarity could not be 
made. However, we do like to note here that all adverts were presented only once within the 
experiment, so any reported differences on familiarity is likely to reflect the impact of the 
existing campaign. Second, we categorized the background music into genre, but there were 
other variables like lyrics, familiarity, musical complexity could differ between the musical 
excerpts.   Third, we primarily looked at aggregate results, i.e., averaging over multiple adverts 
and over the entire temporal window of the adverts. Although we did provide statistical analysis 
to reveal robust differences, variations across the adverts could have been captured better by 
correlating behavioural responses to adverts with EEG responses at individual advert level.      
 In conclusion, we showed that the approach to selecting background music for adverts 
can have a powerful influence on subjective advert preference, objective advert engagement, 
and therefore overall advertising effectiveness. Furthermore, we have revealed that a strategic 
approach to the use of background music, i.e. consistent use of the same track over several 
campaigns, is more impactful than tactically used music or no music at all. Further, the 
elevation in engagement is both rapid and persistent in radio adverts. We would suggest, on 
the basis of these findings, that the most effective approach to constructing advertising assets 
so as to maximise the promotion of brand preference and engagement, is to carefully select the 
backing track right from the outset and then stick to it over consecutive campaigns. That way 
the brand can become synonymous with that particular piece of music. In this way a well 
selected track can become the backbone of radio and television advertising, by allowing novel 
creative campaigns to build on previous brand impressions by using music as the common 
thread.  
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Figure Captions 
Figure 1. (a) Mean ratings on the liking of adverts; (b) Mean ratings on the familiarity of 
adverts; (c) Mean ratings on the liking of background music; (d) Mean ratings on the perceived 
fitness of background music to the brand in the advert. Error bars represent the standard error 
mean (s.e.m.). * p < .05, ** p < .01, *** p < .001. 
Figure 2. Beta and gamma band responses to the adverts: Beta (a) and gamma (e) band 
power at the global level for three types of radio adverts: adverts with strategic music (black), 
adverts with tactical music (gray), and adverts without any music (white). Spectral power was 
averaged across all electrodes. Error bars represent s.e.m.; Scalp maps of beta (b) and gamma 
(f) band power for radio adverts. Red colour indicates high power and blue indicates low 
power values; figures (c), (d), (g) and (h) represent the same as figures (a), (b), (e) and (f), 
respectively, but for TV adverts. * p < .05. 
Figure 3. Instantaneous beta and gamma amplitudes over the frontal brain regions (values 
were averaged across the following electrodes: AF3/4, F7/8, F3/4, FC1/2, FC5/6) for the 
radio averts (upper panel) and TV adverts (lower panel). Within each panel, we showed two 
profiles, one for adverts with strategic music (thick line) and the other for adverts with 
tactical music (thin line). The horizontal broken black line represents the temporal windows 
for which statistical differences were observed between the two profiles (see Results).     
Figure 4. (a) Scalp maps of differences (strategic – tactical) in alpha band power. Difference 
values are expressed in percentages with regard to the power corresponding to the adverts 
with tactical music. Therefore, red regions indicate increase of alpha power and blue regions 
indicate decrease of alpha power for the strategic adverts; (b) Frontal alpha asymmetry values 
for the three types of adverts: adverts with strategic music (black), adverts with tactical music 
(gray) and adverts without any music (white). The left panel is for radio adverts and the right 
panel is for TV adverts. Error bars represent s.e.m. . * p < .05. 
  
 Figure 5. (a) Behavioural responses to adverts divided in terms of musical genre (classical, 
modern and retro), media (radio and TV) and music (strategic and tactical). Four responses 
were shown as follows: liking of advert, familiarity of advert, liking of music, and perceived 
fitness of music to brand; (b) Gamma power for the three musical genres (classical, modern 
and retro) and the two types of music, strategic (black) and tactical (gray). The left panel is 
for radio adverts and the right panel is for TV adverts. Error bars represent s.e.m. . * p < .05, 
** p < .01, *** p < .001.  
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Table 1: List of presented adverts.  
PRODUCT 
SECTOR 
STRATEGIC USE OF MUSIC TACTICAL USE OF MUSIC NO MUSIC 
 Brand Track listing 
Length 
(sec) 
Date 
first 
used 
Brand Track listing 
Length 
(sec) 
Date 
first 
used 
Brand 
Length 
(sec) 
           
Finance Lloyds TSB  Elena Kats-Chernin, 
Eliza's Aria, from Wild 
Swans ballet 
40 2007 Natwest Jon Brion, Eternal 
sunshine for the 
spotless mind piano 
solo 
40 2013 Mastercard 30 
Food/drink Diet Coke  Etta James, I just 
wanna make love to 
you 
20 1996 Shreddies Mitch Miller Chorus: 
Soundtrack to 'The 
longest day' (end 
theme) 
30 2014 John West Tuna 30 
  Twinings  Charlene Soraia, 
Wherever You Will Go 
20 2011 Muller Rice  Vanilla Ice, Ice Ice 
Baby 
20 2013 Lurpack 40 
Gov/info HMRC tax 
credits 
Re-record of The 
Upsetters, Return of 
Django 
20 2006 DCMS 
Superfast 
Broadband  
The Who, Won't get 
fooled again 
30 2014 DWP - Benefit Thieves  30 
Household 
products 
Karcher  Fats Waller, Spring 
cleaning 
30 2010 Dulux Composed for Dulux 30 2015 Domestos 30 
Retail B&Q  Snap!, The Power 30 2014 Next Vampire Weekend, A-
Punk 
30 2011 LiDL 30 
  Homebase  Peter, Bjorn & John, 
Young Folks 
10 2009 M&S Ed Sheeran, Sing 30 2014 PC World 30 
Travel British 
Airways  
Lakme, Flower Duet 30 1989 Monarch Composed for Monarch 
airlines  
30 2014 Hotels.com 30 
Utilities/services British Gas  Blur, The Universal 30 2009 Total jobs Composed for Total 
Jobs 
30 2014 Npower 30 
 
Table
